2
The availability of long-term bicycle parking and showers at destinations was found to have a 1 significant influence on bicycle usage (13). More specifically, Wardman, Tight and Page (7) 2 presented evidence that the availability of outdoor bicycle parking at work increased the 3 share of trips to work by bicycle from 5.8% to 6.3%. However, the combination of both 4 indoor bicycle parking, described as more secure than outdoor, and showers at work would 5 increase bicycle mode share from 5.8% to 7.1%.
6
The presence of bicycle parking near the public transit network can lead to a better- 
32
Although recent studies used a GIS-based approach to plan for new bicycle lanes and 33 bike-sharing stations, no study has developed a methodology to specifically identify the 34 optimal locations to install long-term and short-term bicycle parking (5; 18; 19). This study 35 tries to fill this gap by using a multi-criteria GIS-based approach, which modifies and 36 expands on a similar method developed by a previous study (5).
38

STUDY AREA
39
The City of Quebec is the second largest populated urban center in the province of Quebec, 
METHODOLOGY, DATA AND RESULTS
9
Our method consists of a multi-criteria approach to prioritize the location of new long-term for these locations is calculated, taking into account the current supply of bicycle parking.
17
We generate two priority maps, one for long-term and one for short-term bicycle parking 1 FIGURE 2 Flow chart of main steps in methodology. Using the fishnet tool in ArcGIS, the first step was to generate a grid that covered the extent 2 of our study area, which was adapted from a previous study (5). The selected size of each 3 grid cell was 300 by 300 meters. This size was found optimal to aggregate multiple criteria, of 415 destinations were geocoded using x-y coordinates from the OD Survey. Next, we 19 applied the expansion factor of each of these trips, to account for the expected magnitude of 20 individuals in Quebec City making these trips. The expansion factor is described as a "sample 21 weight" given to each trip according to their sample strata, and has the ability to adjust for existing cyclists is displayed in Figure 3A , which shows that their destinations are highly 28 concentrated in downtown Quebec.
29
Potential Cyclists' Destinations
30
The second indicator is the number of potential cyclists ending their trip in each of the grid 31 cells using the 2011 OD Survey. Within the context of our study, a potential cyclist trip is 32 defined as a short-distance non-cycling trip which could be converted into a bicycle trip.
33
Specifically, we used a threshold distance of 5.8 kilometers, which corresponds to the 75th 34 percentile distance of all commuting bicycle trips evaluated from the OD 2011 survey. These short distance trips by bicycle would on average take 22 minutes at a pace of 16km/h (25).
36
We calculated the trip length of these potential cyclists using a straight-line distance for 37 simplicity between each origin and destination.
38
We adjusted the number of potential trips ending in each grid cell according to the The last indicator used in our priority index is the number of bus stops served by high-2 frequency bus routes, named Metrobus. We incorporated proximity to these bus stops to 3 improve the integration of bicycling and public transit. Metrobus service consists of six high-4 frequency bus routes that are equipped with bicycle racks holding a maximum of two 5 bicycles, and are the only bus routes operated by RTC equipped with bicycle racks (26).
6
These bus routes are the most efficient public transit routes to reach the main employment 7 and activity nodes in Quebec City. However, it is recommended to adapt our proposed 8 method based on the local supply of public transit service, for example, by using subway 9 stations instead of bus stops or using both high frequency bus routes and rail stations.
10
Using the RTC data, we identified 231 bus stops served by high-frequency bus routes.
11
To avoid duplicating the number of bus stops, we only considered bus stops serving one 12 direction. We then generated a buffer of 100 meters around each of them, and spatially joined 13 these buffers with the grid cells, which enabled us to systematically sum the number of bus 14 stop buffers intersecting each grid cell. The results were standardized using a Z-score and are 15 shown in Figure 3C .
16
Combining and Weighting Indicators into an Index
17
We combined and weighted the three standardized indicators into one bicycle parking index.
18
To arrive at our final index, we used a weighting scheme, where we applied a higher Figure 3D . for new long-term bicycle parking, we decided to give more weight to the number of stolen 11 bicycles, knowing that the perceived risk of bicycle theft can discourage individuals from 12 using their bicycle (9; 10). Accordingly, a weighting of 3 was attributed to this indicator. The 13 ratio of existing cyclists commuting to work or school was assigned a weight of 2 and the 14 ratio of potential cyclists commuting to work or school was assigned a weight of 1.5. With 15 such criteria, we prioritize locations for investments in long-term bicycle parking in areas 16 where we know there are cyclists currently commuting, however the weighting attributed to 17 potential cyclists was not considerably lower, since we would hope that access to secure 18 bicycle parking would lead to a major mode shift towards cycling.
19
The cells falling in the top decile of the combined and weighted index were identified 20 as priority locations for investment in long-term bicycle parking. To recommend the number 21 of secured bicycle spaces in each cell, we calculated the optimal number of spaces using the 22 same method as the short-term bicycle parking. We calculated the difference between the 23 number of existing bicycle parking spaces and the current and potential cycling demand in 24 each grid cell, where we estimated the demand to be the number of existing cyclists whose trip ends in each grid cell plus 10% of all potential cyclists whose trips end in each grid cell.
1
The recommended locations and number of long-term bicycle parking spaces to be installed 2 are displayed in Figure 5 . It is important to note that this step can be adjusted if there is an 3 existing supply of long-term bicycle parking in a region. 
DISCUSSION AND CONCLUSION
6
The objective of this paper was to develop a practice ready GIS-based method to identify 7 optimal locations to add both short-term and long-term bicycle parking, which aims to be were then combined and a weighting scheme was applied, which is recommended to be 
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